Many nonvolatile memory devices such as, ferroelectric random access memory (FeRAM), magnetic random access memory (MRAM), ovonic universal memory (OUM), and resistive random access memory (RRAM) were considerable discussed and investigated. For these nonvolatile memory devices, the RRAM devices will play an important role because of its non-destructive readout, low operation voltage, high operation speed, long retention time, and simple structure. The RRAM devices were only consist of one resistor and one corresponding transistor.
Introduction
Many nonvolatile memories such as, ferroelectric random access memory (FeRAM), magnetic random access memory (MRAM), ovonic universal memory (OUM), and resistive random access memory (RRAM) were considerable discussed and investigated. For these nonvolatile memories, RRAM plays an important role because of its non-destructive readout, low operation voltage, high operation speed, long retention time, and simple structure. An RRAM device consists of one resistor and one corresponding transistor. The resistor, fabricated in the back-end process, is in the structure of metal/insulator/metal (MIM) with the property of tunable resistance for storage.
Among these thin films depositing technologies, radio frequency sputtering was one of the most promising methods for prepared copper oxide films due to its excellent characteristics of ceramics target composition and easier process controlled, although copper oxide films could be achieved by ceramic target compositions. The as-deposited copper oxide films annealed by the rapid temperature annealing (RTA) processing would be reported extensively. Many studies had been reported that rapid temperature annealing method was successfully to increase the electrical and physical properties.
In this study, the emerging material used in RRAM applications were divided into several memory devices, such as perovskite oxide materials, transition metal oxide materials, and molecular materials.
Experimental
The copper oxide thin films were deposited on ITO/glass and Pt/Ti/SiO 2 /Si substrates by rf magnetron sputtering to form an MFM structure. The target of copper was placed about 5-8 cm away from the ITO/glass and Pt/Ti/SiO 2 /Si substrate. The copper oxide thin films were deposited for 1h by sputtering under the following conditions: rf power, 80 W; chamber pressure, 20 mTorr; substrate temperature, 580 o C; and 40% oxygen concentrations. In addition, the crystalline structure of as-deposited copper oxide thin films was determined by X-ray diffraction using Cu Kα radiation, and the surface roughness of thin films was observed from the AFM images. To complete the MFM structure, an array of Al circular top contacts with a diameter of 0.1 cm and a thickness of 500 nm was formed by thermal evaporation. The dielectric constant and leakage current density of copper oxide thin films were measured using an impendence phase analyzer (HP 4194A) and a semiconductor parameter analyzer (HP 4156).
Results and discussion
The (111) and (100) preferred phases of x-ray-diffraction (XRD) patterns for as-deposited copper oxide thin films on Pt/Ti/SiO 2 /Si substrates was found. The intensity of the (111) peak of the copper oxide thin films increases linearly as the oxygen concentration increases from 0 to 40%. The (111) preferred phase and smallest full-width-half-magnitude (FWHM) value were exhibited by the as-deposited copper oxide thin film on ITO/glass substrates with 40% oxygen concentration. We consider that the polycrystalline structure of the as-deposited copper oxide thin film was optimal at 40% oxygen concentration on ITO/glass and Pt/Ti/SiO 2 /Si substrates. To compare the XRD patterns of copper oxide thin films on ITO/glass and Pt/Ti/SiO 2 /Si substrates, The strongest and sharpest peak was observed along the Pt(111) crystal plane. The (111) and (100) peaks of the copper oxide thin films on Pt/Ti/SiO 2 /Si substrates were compared with those on ITO substrates. This suggests that the copper oxide thin films grew epitaxially with the Pt(111) bottom electrode. We determined that the crystallinity and deposition rate of copper oxide thin films on ITO substrates differed from those in this study. The thickness of copper oxide thin films prepared by rf sputtering was determined by scanning-electron-morphology (SEM). As the oxygen concentration increases from 0 to 60%, the thickness of copper oxide thin films linearly decreases from 220 to 142 nm. The deposition rate also linearly decreases from 3.73 to 2.63 nm. The deposition rate of copper oxide thin films with 40% oxygen concentration was 2.65 nm/min. We consider that the decreases in the deposition rate and thickness of copper oxide thin films might be affected by the decrease in Ar/O 2 ratio. The Ar/O 2 ratio was adjusted using argon gas to generate the plasma on the surface of the copper oxide thin films during rf sputtering processing. In addition, Figure 1 shows the micro surface structure of SEM image of as-deposited copper oxide films on ITO and Pt substrate for MIM structure. From the micro surface structure of SEM image, average copper oxide thin film were about observed. All of thin films exhibited circular and inhomogeneous grains. Additionally, the circular grains were observed with scanning electron microscopy (SEM) for as-deposited copper oxide films on ITO and Pt substrate.
The current-voltage (J-E) curve shows that the a negative voltage applied, the device switches from initial high resistance state to low resistance and the conducting current form low to high state. The H-state was the high conducting state, and the L-state was the low conducting state. The positive voltage applied reverts back to high resistance state, and leads to low conducting current. The sweeping voltage leads to a counterclockwise loop in current-voltage curve as shown in fig. 2 . Figure  2 shows that the single polar bistable resistance switching of copper oxide thin films on ITO substrate. The HRS status was about 10 -5 A/cm 2 , and the LRS was about 10 -2 A/cm 2 . The on/off ration for RRAM devices was about 5. Additionally, fig. 3 shows that the bipolar bistable resistance switching of copper oxide thin films on ITO substrate. The HRS status was about 10 -5 A/cm 2 , and the LRS was about 10 -2 A/cm 2 . From the experiment results, we found that the copper oxide thin films on ITO exhibited the bipolar bistable resistance switching characteristics. However, the copper oxide thin films on Pt substrate exhibited the single bistable resistance switching. Additionally, we discussed that the current versus applied voltage curves characteristics of copper oxide thin films in terms of current density on the vertical axis and applied voltage on the horizontal axis. From the J-E characteristics in terms of lnJ on the vertical axis and lnE on the horizontal axis, the fitting curves were straight in this figure and the J-E curves of thin films thus follow the F-N tunneling model. Besides, the J-E characteristics in terms of ln(J/T 2 ) on the vertical axis and ln(E 1/2 ) on the horizontal axis was also found. The fitting curves were straight in this figure and the J-E curves of thin films thus follow the Schottky emission model.
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The retention characteristics of the resistance random access memory devices were measured to definite the activation of a non-volatile memory for the HRS and LRS states. No significant changes in the resistance values for 10 5 second were observed. We suggested the resistance random access memory to maintain sufficient margin of memory devices for more than 10 years from the extrapolation calculation. In addition, the switching cycling was measured another type of reliability and retention characteristics. Although there was a slight flucation of resistance in the HRS and LRS states, and the stable switching property was observed during 100 cycles, as shown in Fig.4 . We suggested that the results show remarkable reliability performance of the resistance random access memory devices for nonvolatile memory applications.
Conclusion
In this study, the resistive random access memory (RRAM) devices for copper oxide thin films were fabricated and investigated. The copper oxide thin films were successfully deposited on ITO and Pt/Ti/SiO 2 /Si substrates. The optimal sputtering conditions of as-deposited copper oxide thin films were the rf power of 80 W, chamber pressure of 20 mTorr, substrate temperature of 580 o C, and an oxygen concentration of 40%. From the experiment results, we found that the copper oxide thin films on ITO exhibited the bipolar bistable resistance switching characteristics. The copper oxide thin films on Pt substrate exhibited the single bistable resistance switching.
